The authors have investigated to optimize arrangement and operation of PV generation system to serve as an essential part of regional smart grids. The PV generation is expected mostly to bring about the reduction of CO 2 emission all over the world in order to solve problems of global warming and exhaustion of fossil fuel. However, The PV power output decreases due to the change of solar radiation and the influence of shadow. Therefore, the authors have analyzed the optimal install parameters such as direction and tilt angle of PV panels considering the influence of shadow. The authors have aimed at optimizing operation of PV generation for building smart grids in Japan.
INTRODUCTION
Recently, a smart grid is in the spotlight all over the world for stable and environmentally friendly power supply. The smart grid in Japan is expected to cope with mass installation of renewable energies such as solar energy and wind energy; however, the concept and the objective vary among countries and regions. International Energy Agency (IEA) expects that the world total installed capacity of PV generation would be 3,155GW by 2050 and renewable energy would be utilized as the primary energy in the future. Amid mounting international concern over the problem of global warming, the more installation of PV generation is indispensable in Japan too. The optimal operation and design of PV generation systems are necessary because the PV generation has been installed to houses, buildings and factories for postcarbon society proposed by the Cabinet meeting in 2008. Therefore, it is necessary for us to determine the optimal operation of PV generation systems and appropriate arrangement of PV panels for building smart grids where mass renewable energy such as PV generation would be installed. However, the PV power output decreases to 10-30% due to the influence of shadow. Therefore, we should avoid the decrease of PV power output as much as possible due to the influence of shadow when we set up these inclined PV panels in the limited spaces.
In this study, we have analyzed the optimal arrangement of PV panels in Tokyo (NL: 35.5°) considering the influence of shadow. The optimal tilt angle and direction of PV panels is analyzed the characteristic of solar radiation by using METPV-3 disclosed to public by New Energy and Industrial Technology Development Organization (NEDO), Japan. Moreover, the shadow length by solar altitude and direction is calculated because the influence of shadow has to be taken into consideration when we set up these inclined PV panels. We have aimed at optimizing arrangement and operation of PV generation system to serve as an essential part of regional smart grids. (b) at the direction of East and West Fig. 1 Monthly solar radiation in relation to tilt angle in Tokyo (NL: 35.5°) Fig. 1 shows the characteristic of monthly solar radiation at the direction of south, east and west in relation to tilt angle in Tokyo. The characteristic of solar radiation at the direction of southeast and southwest is the same with that of south, and that of north is the same with that of east and west. So, these directions are not taken into account.
THE OUTPUT CHARACTERISTIC OF PV GENERATION

Monthly solar radiation in relation to tilt angle
From the characteristic at the direction of south, we can obtain the most solar radiation when we set up PV panels with tilt angle of 30° annually. However, the tilt angle where most amount of solar radiation varies every month. This is because the solar elevation changes at each season and the amount of solar radiation that PV panels receive changes.
From the characteristic at the direction of east and west, we can obtain the largest solar radiation by installed PV panels with small tilt angle annually.
From the characteristic of solar radiation at all directions and tilt angles, we find that the output in the month of June shows a huge drop because of the rainy season in Japan. Annual solar radiation at the direction and tilt angle in Tokyo are shown in Fig. 2 where the amount of annual solar radiation at the direction of south and the tilt angle of 30° are normalized. From Fig.2 , we can obtain the most amount of solar radiation when we set up PV panel with the direction of south and tilt angle of 30° in Tokyo. Moreover, the other directions such as east, west and northward, tilt angle of 0° is efficient to receive more solar radiation annually.
Annual solar radiation at each direction and tilt angle
In general, we can obtain the most amount of the annual solar radiation when PV panels are set up at the above conditions in Tokyo. However, it does not discuss that the optimal installation conditions is the conditions in Tokyo, if we consider that the installation spaces of PV panels are not affected by the influence of shadow in the limited space. Therefore, we have analyzed the arrangement of PV panels considering the influence of shadow, in the next session.
ARRANGEMENT OF PV PANELS CONSIDERING THE INFULENCE OF SHADOW
PV panels installation space at each tilt angle
When we set up these inclined PV panels, we need to consider the influence of shadow occurring on the back of the panel. In this section, we have investigated the installation spaces of PV panels that are not affected by the shadow annually, because we avoid the decrease of PV power output by the influence of shadow. PV panels are mostly influenced by shadows in midwinter from 9:00 to 15:00 due to the lowest solar altitude a year. Therefore, we analyzed the installation spaces at each tilt angle of PV panel in this time. 
Where; α : Amount of PV panels, A : Installation area Table 2 shows the shadow length at each tilt angle of PV panel by using Equation (3), and the installation area A [m 2 ] is calculated using the above Equation (4). As a result, we have obtained the annual solar radiation in relation to installation area, which is shown in Fig. 4 . When we compare with solar radiations at each tilt angle of PV panels, small tilt angles are more amount of annual solar radiation from Fig.4 . This is because we can install a lot of panels. However, when we compare with solar radiations at the number of PV panels, panels with tilt angle of 0° is most amount of solar radiation per unit area in the limited space, if we consider that the PV power output is not affected by the influence of the shadow annually.
THE INSTALLATION OF PAIRS OF PV PANELS
We have investigated the optimal installation when we installed pairs of panels considering the influence of shadow. Therefore, in this study, we have analyzed two conditions that the arrangement with the installation space of PV panels and without the installation space of panels.
Arrangement with the installation space of PV panels
In this section, we have analyzed the following two cases that the arrangement with the installation of PV panels.
Case ( (S=0[m] ). Fig. 5 shows the example of the installation of PV panels and we assume that panels at the direction of south-north and east-west are installed. Table 3 ase (1) Case(2) Fig. 6 The annual solar radiation and installation area in relation to the number of PV panels in Tokyo (NL: 35.5°)
The annual solar radiation and installation area in relation to the number of PV panels are shown in Fig. 6 . As a result, even if numbers of PV panels are same, the characteristics of annual solar radiation vary from the setup of PV panels. Moreover, we can obtain the largest amount of solar radiation with Case (1) from Fig. 6 . However, the installation area of Case (2) is less than that of Case (2). Therefore, in the limited space, we can see that the installation of PV panels with Case (2) and tilt angle of 20° is efficient to receive most solar radiation per unit area annually. This is because we can increase the number of installation of PV panels.
Arrangement without the installation space of PV panels
In the section 4.1, we have investigated the arrangement of PV panels that are completely unaffected by the influence of shadow annually. Moreover, we calculated the installation space of PV panels. In this section, we analyzed the following two cases of the PV panel installation which arrangement without the X magnification (T If there are the slightest influences of shadow with Case (3) and Case (4), we assume that the solar radiation is 0 [MJ/m 2 ] and tilt angle of 80°-90° is not taken into account. This is because solar altitude in Tokyo is less than 80°. Fig. 8 shows the characteristic of monthly solar radiation of Case (3) and Case (4) at each tilt angle of PV panels.
Furthermore, we evaluate the relationship to the solar radiation and the number of panels from the monthly solar radiation at each tilt angle. (3) is different from that of Case (4) in case of PV panels with large tilt angle. Moreover, the annual solar radiation of Case (3) is larger than that of Case (4). Annual solar radiation in relation to installation area of Case (3) is shown in Fig. 9 , and PV panels with tilt angle of 70° can be received the largest solar radiation from Fig. 8 and 9 .
When this arrangement of PV panels is compared with the installation of Case (1) and (2) which arrangement with the installation space of PV panels, this installation area is less than other installations. This is because the arrangement without the installation space of PV panels and we can set up many panels. Furthermore, this characteristic of solar radiations which the arrangement without the installation space of PV panels is different from Case (1) which the arrangement with the installation space. The larger the tilt angles of PV panels become, the more we can receive solar radiations per unit area in case of the arrangement without the installation space. However, the larger tilt angles of PV panels become, the more the installation space of PV panels increase in case of the arrangement with the installation space. Fig. 10 shows the annual solar radiation of pairs of PV panels in relation to the installation area. As a result, the more we set up PV panels with large tilt angle, the smaller the installation area required of PV panels becomes. On the other hand, the more we set up PV panels with large tilt angle, the larger the annual solar radiation becomes. Therefore, PV panels with large tilt angles are effective installation by increasing the number of PV panels. However, the initial cost becomes high when many PV panels are installed. Therefore, the economic aspect should be taken into account in the future.
CONCLUSIONS
In this study, we have analyzed the optimal arrangement of PV panels in the limited space considering the influence of the shadow to obtain the largest output of the PV generation, and have investigated the best installation of PV panels. Considering the installation of pairs of PV panels with the installation space, we can get the amount of solar radiation by installed PV panels with tilt angle of 20° at east-west. Moreover, when the installation of pairs of PV panels without the installation space, PV panels with large tilt angles are effective to receive more amount of solar radiation.
Under all optimal installations we have analyzed, we can increase the number of PV panels and the larger amount of solar radiation per unit area. However, the more PV panels are installed, the higher initial cost becomes. Therefore, we are aiming at further effective utilization of the photovoltaic generation in consideration of economic aspects when PV generation is connected in a large scale to electric power grids in the near future. 
